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(54) Electic discharge machining apparatus 

(57) An electric discharge machining apparatus is 
provided which is capable of sufficiently reducing stray 
capacitance (CI) between an electrode (1) and a work- 
piece (7) to Improve surface roughness of a machined 
workpiece by electric discharge machining, a' first 
switching device (11a) is provided In a feeding line (4a) 
between an electrode (1) and a first machining power 
source (2) for supplying a first electric discharge energy 
for a rough machining, and a second switching device 



(1 1 b) isprovided in a feeding line (4b) between the work- 
piece (7) and the first power source (2) in an electric 
discharge circuit in whk:h the woricpiece (7) and a wori(- 
piece mounting table (6) are electrically insulated. In 
performing a finish machining, a second electric dis- 
charge energy smaller than the first machining energy 
is supplied from a second machining power source (3) 
between the electrode (1 ) and the workpiece (7) with the 
first and second switches opened. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001 J The present invention relates to an electric discharge machining apparatus for machining a workpiece by an 
electric discharge between an electrode and the workpiece, and in particular to an electric discharge machining appa- 
ratus for improving surface roughness of a machined workpiece. 

10 

2. Description of Related Art 

[0002] In an electric discharge machining apparatus, it is required to Improve a machining speed in a rough machining 
and also to improve surface' roughness of a machined workpiece in a finish machining. So as to fulfill these require- 

15 ments, It is known to provide two kinds of power sources for the rough machining and the finish machining. 

[0003] FIG. 9 Shows a schematic arrangement of a basic electric discharge circuit of a conventional electric discharge 
machining apparatus and FIG. 1 0 shows a circuit equivalent to stray capacitances in the basic electric discharge circuit 
shown in FIG. 9. In FIG. 9, the electric discharge machining apparatus comprises an electrode 1 , a workpiece mounting 
device (table) 6 for mounting a workpiece 7, a first machining power source 2 and a second machining power source 

20 3 for supplying electric discharge energy between the electrode 1 and the workpiece 7. The first machining power ^■ 
source 2 supplies an relatively large electric discharge energy for a rough machining, and the second machining power 
source 3 supplies an relatively small electric discharge energy for a finish machining. 

[0004] In general, it is necessary to perform an electric discharge machining with a small electric discharge energy 
so as to improve surface roughness of a machined surface. The electric discharge energy is proportional to a product 
25 of an electric discharge current I and an electric discharge time period x and is expressed in the following equations. 

l = (Eo-Ea)(aL)''^ (1) 

30 

T = n{L'C)'^ (2)- 



[0005] In the above equations, Eo represents an electric discharge voltage, Ea represents an arc voltage, C repre- 
sents capacitance and L represents inductance in the electric discharge circuit. 

[0006] Thus, the conventional electric discharge machining apparatus has a problem that the electric discharge 
energy can not be suppressed under a certain value because the electric discharge machining apparatus itself has 
considerable stray capacitance. 

[0007] In FIG. 10, stray capacitances In the basic electric discharge circuit shown In FIG. 9 are shown as an equivalent 
circuit. The actual stray capacitances exist as distributed constants in the electric discharge circuit and are simply 
represented by concentrated constants in FIG. 10. 

[0008] In the electric discharge circuit in FIG. 9. there appear a stray capacitance CI between the electrode 1 and 
the workpiece 7, a stray capacitance C3 between the electrode 1 and the table 6 (workpiece mounting device), a stray 
capacitance C2 between feeding lines of the second power source 2, etc. In general, since a body of the electric 
discharge machining apparatus is electrically connected to the ground for safety and the table 6 and a machining tank 
are not electrically Isolated with the body of the electric discharge machining apparatus, the table and the machining 
tank are ultimately electrically connected to the ground. Thus, sections of the electric discharge machining apparatus 
electrically connected to the ground will be referred to as the table. 

[0009] The first machining power source 2 supplies a targe electric discharge energy between the electrode 1 and 
the workpiece 7 to perform a rough machining. It is therefore necessary to reduce Inductance of the electric discharge 
circuit so as to flow a large machining current. For this purpose, coaxial cables are generally employed as feeding 
lines. The coaxial cables have relatively small inductance but relatively large capacitance. Therelore, a stray capaci- 
tance between the feeding lines has larger value in comparison with the other stray capacitances. 
[0010] Further it is also required to reduce Inductance within the first machining power source 2 so as to flow the 
large machining current. Thus, In the case of using printed boards In the first machining power source 2, respective 
distribution patterns on the printed boards are designed to be wide and the printed boards arc arranged to be opposed 
to each other. Therefore, the stray capacitance 06 in the first machining power source 2 is made larger to include 
capacitances of semiconductor elements in the circuits. 
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[001 1] Thus, in the case where a workpiece is directly mounted on the table 6. all of the stray capacitances CI -C6 
are electrically connected in parallel to fonm a large total stray capacitance In the circuit. Particularly, the stray capac- 
itances C2 and C6 have large values. 

[001 2] Methods for reducing the stray capacitance in the electric discharge circuit are known from the disclosure in 
Japanese Patent Laid-Open Publication Nos. Showa 62-188625 and Heisei 5-53570. 

[0013] In the anrangement disclosed in Japanese Patent Laid-Open Publication No. Showa 62-188425 as shown In 
FIG. 11 , a feeding path for a rough machining and a feeding path for a finish machining are switched over by moving 
a contact piece or the electrode 1 , to separate an electrode-side feeding line of the first machining power source 2 
from the electric discharge circuit in perfomning a finish machining. With this arrangement, as shown in FIG. 12, the 
stray capacitances C2. C4. C5 and C6 are isolated from the electric discharge circuit by separating the electrode-side 
feeding line of the first electric discharge power source 2. In this example, there is a problem that an Influence of the 
stray capacitance C3 between the electrode 1 and the table 6 can not be reduced. 

[0014] Further, in an electric discharge circuit arrangement shown in Japanese Patent Laid-Open Publication No. 
Showa 5-53570 as shown in FIG. 13, a woricpiece 7 is electrically insulated from the table 6 by an Insulator 9 and 
electrically connected/disconnected by a cable and a switch 10 interposed thereon. In performing a Tmish machining, 
the workpiece 7 and the table 6 are insulated from each other by the switch 1 0. With this arrangement, a stray capac- 
itance C7 appears between the wort^plece 7 and the table 6 and is electrically connected In series to the other stray 
capacitances C2-C6 as shown in FIG. 14. Thus, the total stray capacitance between the electrode 1 and the workpiece 
7 is made not greater than the stray capacitance 07. The stray capacitance C7'exlsts before the switch 10 is opened, 
but in the state where the switch 1 0 is closed tenninals of the stray capacitance 07 are shorted to produce no Influence 
on the other capacitances. In this example, the stray capacitance between the wori<piecc 7 and the table 6 is reduced 
to be not greater than the capacitance 07, but there arises a problem that an Influence of the stray capacitance 07 is 
not sufficiently reduced because of the large stray capacitances 02 and 06 and the total stray capacitance is made 
substantially equal to the stray capacitance 07. 

[001 5] Thus, the conventional electric discharge machines have a problem of incapable of reducing the stray capac- 
itance between the electrode and the woricpiece for improving the surface roughness of the machined wori<piece 

SUMMARY OF THE INVENTION 

[0016] An object of the present invention is to sufficiently reduce the stray capacitance between the electrode and 
the workpiece to improve roughness of the finished surface by the electric discharge machining. 
[0017] An electric discharge machining apparatus of the present invention comprises: an electrode: a first machining 
power source for supplying a first electric discharge energy between the electrode and the workpiece; a second ma- 
chining power source for supplying a second electric discharge energy smaller than the second electric discharge 
energy between the electrode and the woricpiece; a workpiece mounting device for mounting the workpiece; an insulator 
for electrically insulating the wori<piece from the workpiece mounting device; a first switching device disposed in a first 
feeding line from the first machining power source to the electrode; a second switching device disposed in a second 
feeding line from the first machining power source to the wori<piece. The first and second switching devices are closed 
when supplying the first electric discharge energy forni the first machining power source and the first and second 
switching devices are opened when supplying the second electric discharge energy torn the second machining power 
source. 

[0018] The first switching device opens/closes a first feeding line the from the first machining power source to the 
electrode, and the second switching device opens/closes a second feeding line from the first machining power source 
to the workpiece. For perfonning a rough machining, the first electric discharge energy is supplied form the first ma- 
chining power source with the first and second switching devices are closed. For perfonning a finish machining, the 
second electric discharge energy smaller than the first: electric discharge energy Is supplied form the second machining 
power source with the first and second switching devices are opened. Thus, the total stray capacitance In the feeding 
circuit in the finish machining is reduced by separating the stray capacitances from the feeding circuit and connecting 
the stray capacitances in series by means of opening the first and second switching devices in the fine machining to 
thus improve the surface roughness. 

[0019] The first and second switching devices may be an-anged at various positions In the feeding line. 
[0020] The first switching device may be arrangedjn the vicinity of the electrode and the second switching device 
may be arranged in the vicinity of the workpiece. With this an-angement. a stray capacitance between the feeding line 
arid the first machining power source is separated from the electric discharge energy feeding circuit and a stray ca- 
pacitance between the electrode and the table and a stray capacitance between the wortcplece and the table are 
connected in series to suppress the total capacitance In the feeding circuit In a finish machining. 
[0021 ] The first switching device may be an-anged In the vicinity of the first machining power source and the second 
switching device may be an-anged in the vicinity of the workpiece. With this arrangement, the stray capacitance between 
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the workplece and the table is connected with the other stray capacitances in series and the large stray capacitances 
between the first and second feeding lines and between the power supply circuit lines In the first machining power 
source are connected to small stray capacitances in series to suppress the total capacitance In the feeding circuit In 
a finish machining. 

s [0022] The first switching device may be arranged in the viclnrty of the electrode and the second switching device is 
an-anged in the vicinity of the first machining power source. With this arrangement, the stray capacitance between the 
workpiece and the table is connected with the other stray capacitances in series and the large stray capacitances 
between the first and second feeding lines and between the power supply circuit lines In the first machining power 
source are connected to small stray capacitances in series to suppress the total capacitance in the feeding circuit in 

10 a finish machining. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0023] 

15 

FIG. 1 is a schematic diagram of an electric discharge circuit of an electric discharge machining apparatus accord- 
ing to a first embodiment of the present Invention; 

FIG. 2 Is a diagram of a circuit equivalent to stray capacitances in the electric discharge circuit shown in FIG. 1 ; 

20 

FIG. 3 is a schematic diagram of an electric discharge circuit of an electric discharge machining apparatus accord- 
ing to a second embodiment of the present invention; 

FIG. 4 Is a diagram of a circuit equivalent to stray capacitances in the electric discharge circuit shown in FIG. 3; 

25 

FIG. 5 Is a schematic diagram of an electric discharge circuit of an electric discharge machining apparatus accord- 
ing to a third embodiment of the present Invention; 

FIG. 6 is a. diagram of a circuit equivalent to stray capacitances in the electric discharge circuit shown in FIG. 5; 

30 

FIG. 7 is a schematic diagram showing an arrangement for directly supplying electric current to a workpiece; 

FIG. 8 is a schematic diagram showing an an'angement for Indirectly supplying electric current to a workplace 
through an fixture; 

35 

FIG, 9 is a schematic diagram for showing an arrangement of a basic electric discharge circuit of an conventional 
electric discharge machining apparatus; 

FIG. 1 0 is a diagram of a circuit equivalent to stray capacitances of the basic electric discharge circuit shown in 
40 FIG. 9; 

FIG. 11 is a schematic diagram for showing an arrangement of an electric discharge circuit of an electric discharge 
machining apparatus according to first prior art; 

45 FIG. 12 shows a circuit equivalent to stray capacitances of the electric discharge circuit shown In FIG. 11; 

FIG. 1 3 is a schematic diagram for showing an arrangement of an electric discharge circuit of an electric discharge 
machining apparatus according to second prior art; 

50 FIG. 14 shows a circuit equivalent to stray capacitances of the electric discharge circuit shown in FIG. 13 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] In a first embodiment shown in FIG. 1 , an electric discharge machine comprises an electrode 1, a workpiece 
55 mounting table 6 for mounting a wori<piece 7, an insulator 9 for electrically insulating the wori<piece 7 from the table 6, 
first and second machining power sources 2 and 3 for supplying an electric discharge energy between the electrode 
1 and the woricpiece 7, a first electrode-side feeding line 4a connecting the first machining power source 2 and the 
electrode 1 , a first workpiece-side feeding line 4b connecting the first machining power source 2 and the workpiece 7, 
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a second electrode-side feeding line 5a connecting the second machining power source 3 and the electrode 1 . a second 
workpiece-side feeding line 5b connecting the second machining power source 2 and the workpiece 7, a electrode- 
side feeding line switching device 1 1 a provided in the first electrode-side feeding line 4a and a workpiece-side feeding 
line switching device lib provided in the first workpiece-side feeding line 4b. The first machining power source 2 
supplies a large electric discharge energy between the electrode 1 and the workpiece 7 for perfomiing a rough ma- 
chining, and the second machining power source 3 supplies an electric discharge energy smaller than that of the first 
machining power source 2 for perfomiing a finish machining. 

[0025] According to the first embodiment of the present invention, the switching device 1 1 a is arranged in the vicinity 
of the electrode 1 and the switching device 11 b is arranged in the vicinity of the workpiece 7. 
[0026] With this circuit arrangement, there appear a stray capacitance C8 between the first workpiece-side supply 
line 4b and the table 6 and a stray capacitance C9 between a power supply circuit in the first machining power source 
2 and the table 6 which has not been manifest in the conventional circuit anrangement. 

[0027] FIG. 2 schematically shows stray capacitances in the electric discharge circuit shown in FIG. 1 in the state 
where the switching device 11 a and the switching device 1 1 b are open. The actual stray capacitances exist as distrib- 
uted.constants and are simplified by representing them as concentrated constants in FIG. 2. 
[0028] For perfomning the finish machining, a relatively small electric discharge energy is supplied between the elec- 
trode 1 and the workpiece 7 from the second machining power source 3 by opening the switching device 11a and the 
switching device lib. 

[0029] In this slate, the stray capacitance CI between the electrode 1 and the woi-kpiece 7, the stray capacitance 
^ C3 between the electrode 1 and the table 6. the stray capacitance C7 between the workpiece 7 and the table 6 appear 
in the electric discharge circuit, and the stray capacitance C3 and the stray capacitance C7 are connected with each 
other in series. The stray capacitance C2 between the first electrode-side feeding line 4a and the first workpiece-side 
feeding line 4b and the stray- capacitance C6 between the electrode-side power supply circuit line and the workpiece- 
side power supply circuit line of the first machining power source 2 are separated from the electric discharge circuit. 
[0030]^ Thus, in the finish machining, since the large stray capacitances C2 and C6 are separated from the electric 
discharge circuit and the stray capacitance C3 and the stray capacitance C7 are connected in series, the total stray 
capacitance between the electrode 1 and the workpiece 7 in the finish machining are greatly reduced in comparison 
with the conventional electric discharge circuit. 

[0031] FIGS. 3 and 4 show a second embodiment of the present invention. A circuitry according to this embodiment 
is similar to that shown in FIG. 1 but differs from the an-angement of the first embodiment in the position of the arrange- 
ment of the electrode-side feeding line switching device 11a. 

[0032] In this embodiment, the electrode-side feeding line switching device 11a Is arranged in the vicinity of the first 
machining power source 2 and the wori<piece-side feeding line switching device lib is arranged in the vicinity of the 
workpiece 7. 

[0033] With this arrangement, there appear the stray capacitance C8 between the first workpiece-side feeding line 
4b and the table 6. and the stray capacitance C9 between the workpiece-side power supply circuit line of the first 
machining power source 2 and the table, which have not been manifest In the conventionalelectric discharge circuit. 
[0034] FIG. 4 schematically shows the stray capacitances equivalent to the stray capacitances in the electric dis- 
charge circuit shown in FIG. 3 in which the electrode-side feeding line switching device 11a and the wori<plece-slde 
feeding line switching device 1 1 b are open. The actual stray capacitances exist as distributed constants and are sim- 
plified by representing them as concentrated constants in FIG. 4, 

[0035] The finishing machining is performed by supplying a relatively small electric discharge energy between.the 
electrode 1 and the workpiece 7 from the second machining power source 3 with the electrode-side feeding line switch- 
ing device 1 1 a and the workpiece-side feeding line switching device 11 b open. 

[0036J The stray capacitance In this state, the stray capacitance CI between the electrode 1 and the workpiece 7, 
the stray capacitance C2 between the first electrode-side feeding line 4a and the first workplece-slde feeding line 4b! 
the stray capacitance C3 between the electrode 1 and the table 6, the stray capacitance C4 between the first electrode- 
side feeding line 4a and the table 4b. the stray capacitance C5 between the electrode-side power supply circuit of the 
first machining power source 2 and the table 6. the stray capacitance C6 between the electrode-side power supply 
circuit line and the workpiece-side power supply circuit line of the first machining power source 2, and the stray capac- 
itance C7 between the woricpiece 7 and the table 6, and the stray capacitance C8 between the first wori<piece-slde 
feeding line 4b and the table 6. and the stray capacitance C9 between the workpiece-side power supply circuit line of 
the first machining power source 2 and the table 6. The large stray capacitances C2, C6 are connected with the small 
stray capacitance in series and connected in series with the stray capacitance C7 together with the stray capacitance 

55 C3. • 

[0037] Thus, the total stray capacitance in the electric discharge circuit in finish machining is reduced in comparison 
with the conventional circuit arrangement since the stray capacitances other than the stray capacitance C7 are con- 
nected with the stray capacitance C7 in series and the large stray capacitances C2 and C6 are connected with the 
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small stray capacitances C5 and C7 In series. . 

[0038] In this embodiment, the electrode-side supply line switching device 11a may be arranged within the first ma- 
chining power source 2 to obtain the substantially the same effects. 

[0039] FIG. 5 shows an electric discharge circuit according to the third embodiment of the present invention and FIG. 
5 6 shows an equivalent circuit of the stray capacitances. 

[0040] In this embodiment, the electrode-side feeding line switching device 11a Is arranged In the vidnity of the 
electrode 1 and the workpiece-side feeding line switching device lib is arranged in the vicinity of the first machining 
power source 2, 

[0041 ] With this arrangement, there appear the stray capacitance C8 between the first workplece-slde feeding line 
10 4b and the table 6 and the stray capacitance C9 between the workpiecc-side power supply circuit line of the first 
machining power source 2 and the table 6, which have not been manifest in the conventional an-angement of the 
electric discharge circuit. 

[0042] FIG. 6 schematically shows the stray capacitances in the electric discharge circuit shown in FIG. 5 in the 
stage where the electrode-side feeding line switching device 11a and the woricpiece-side feeding line switching device 
IS lib are open. The actual stray capacitances exist as distributed constants and arc simplified by representing them by 
the concentrated constants in FIG. 6. 

[0043] The finish machining is performed by supplying a relatively small electric discharge energy between the elec- 
trode 1 and the workpiece 7 from the second machining power source 3 with the electrode-side feeding line switching 
device 11a and the woricpiece-side feeding line switching device lib open. 

20 [0044] In this state, the stray capacitance CI between the electrode 1 and the wori<piece 7, the stray capacitance 
C2 between the first electrode-side feeding line 4a and the first workpiece-side feeding line 4b, the stray capacitance 
C3 between the electrode 1 and the table 6, stray capacitance C4 between the first electrode-side feeding line 4a and 
the table 4b. the stray capacitance C5 between the electrode-side power supply circuit line of the first machining power 
source 2 and the table 6, the stray capacitance C6 between the electrode-side power supply circuit line and the work- 

25 piece-side power supply circuit line of the first machining power source 2, and the stray capacitance C7 between the 
wori<piece 7 and the table 6, and the stray capacitance C8 between the first workpiece-side feeding tine 4b and the 
table 6, and the stray capacitance C9 between the workpiece-side power supply circuit line of the first machining power 
source 2 and the table 6. 

[0045] The large stray capacitances C2, C6 are connected with the small stray capacitance in series and connected 

30 in series with the stray capacitance C7 together with the stray capacitance C3. 

[0046] Thus, the total stray capacitance in the electric discharge circuit in finish machining Is reduced in comparison 
with the conventional circuit arrangement since the stray capacitances other than the stray capacitance C3 are con- 
nected with the stray capacitance C3 in series and the large stray capacitances C2 and C6 are connected with the 
small stray capacitance C9 in series. 

55 [0047] In tins embodiment, the workpiece-side feeding line switching device 11b may be arranged within the first 
machining power source 2 to obtain the substantially the same effects. 

[0048] An example of the stray capacitances is shown in the following table-1 . The table-1 shows the stray capaci- 
tances according to experiments using the actual electric discharge machine, 

40 TABLE-1 
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STRAY CAPACITANCE (nP) 


C1 


0.5 


C2 


15.0 


C3 


2.5 


C4 


1.5 


C5 


4.0 


C6 


100.0 


C7 


2.5 


C8 


1.5 


C9 


4.0 



[0049] Further, the following tabte-2 shows a result of calculation of the total stray capacitances in respective electric 
discharge circuits based on the stray capacitances shown in the table-1 . 
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TABLE-2 



to 



15 



20 



25 



30 



35 



40 





TOTAL STRAY 
CAPACITANCE (nF) 


RATIO TO BASIC 
CIRCUIT 


RATIO T0 1 ST PRIOR ART 


BASIC CIRCUIT 


123.5 


100.0% 


4117% 


1ST PRIOR ART 


3.0 


2.4% 


100% 


2ND PRIOR ART 


3.0 


2.4% 


100% 


FIRST EMBODIMENT 


1.8 


1.5% 


60% 


SECOND EMBODIMENT 


2.5 


2.0% 


* 83% 


THIRD EMBODIMENT 


2.5 


. , 2.0% 


83% 



[0050] From the above examples, the reduction of the total stray capacitance In comparison with the conventional 
arrangements is confimied. 

[0051 ] The electric discharge energy may be suppled to the workpiece 7 directly by connecting the first workpiece- 
side feeding line 4b and the second workplecc-side feeding line 5b directly to the workpiece 7 and also indirectly using 
an insulator 9 provided between the workpiece 7 and the table 6 by connecting the first workpiece-side feeding line 
4b and Ihe second workpiece-side feeding line 5b lo the Insulator 9. 

[0052] FIG. 7 shows an an-angement of direct connection of the feeding lines to the workpiece and FIG. 8 shows an 
arrangement of indirect connection of the feeding lines to the workpiece. 

[0053] In FIG. 7, the workpiece 7 Is mounted on the table 6 through the Insulator 9 and the first workpiece-side 
feeding line 4b and the second workpiece-side feeding line 5b are directly connected to the workpiece 7. 
[0054] In FIG. 8, the workpiece 7 is mounted on the table 6 through an insulator 9a and the first workpiece-side 
feeding line 4b and the second workpiece-side feeding line 5b are connected to a fixture 9b. Thus, the electric current 
is indirectly supplied to the workpiece 7 through the fixture 9b. 

[0055] According to the embodiments of the present 'invention, the total amount of the stray capacitances formed 
bolwoon the electrode and the workpiece is reduced by switching the switches to suppress the electric discharge 
energy from the stray capacitances in the case where the electric discharge energy Is required to be reduced such as 
finishing machining, to thereby improve the roughness of the finished surface by the electric discharge machining. 
[0056] In the case of perfomiing the rough machining, a large electric discharge energy is supplied from themachining 
power source by changing over the switching devices. 

[0057] The above embodiments may be selectively adopted depending on a structure of the electric discharge ma- 
chining apparatus in capability of arranging the electrode-side feeding line switching device and the workpiece-side 
feeding line switching device in the vicinity of the electrode or the workpiece. 

[0058] As described, according to the present invention, surface roughness of the machined surface is improved by 
sulfictcntty reducing the stray capacitance between the electrode and the workpiece. 



Claims 
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1 . .An electric discharge machining apparatus for machining a workpiece by an electric discharge energy, comprising: 
an electrode; 



a first machining power source for supplying a first electric discharge energy between said electrode and the 
workpiece; 



55 



a second machining power source for supplying a second electric discharge energy smaller than the second 
electric discharge energy between said electrode and the workpiece; 

a workpiece mounting device for mounting the workpiece; 

an insulator for electrically insulating the workpiece from said workpiece mounting device; 

a first switching device for opening/closing a first feeding line from said first machining power source to the 
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electrode; 

a second switching device for opening/closing a second feeding line from said first machining power source 
to the workpiece; 

wherein said first and second switching devices are closed when supplying the first electric discharge energy 
forn^ said first machining power source and said first and second switching devices are opened when supplying 
the second electric discharge energy form said second machining power source. 

An electric discharge machining apparatus according to claim 1 , wherein said first switching device is arranged in 
the vicinity of said electrode and said second switching device is arranged in the vicinity of the workpiece 

An electric discharge machining apparatus according to claim 1 . wherein said first switching device is arranged in 
the vicinity of said first machining power source and said second switching device is an^anged in the 

An electric discharge machining apparatus according to claim 1 . wherein said first switching device is arranged In 
the vicinity of said electrode and said second switching device is arranged in the vicinity of said first machining 
power source. 

An electric discharge machining apparatus according to claim 1 , wherein said first machining power source is 
electrically connected to the workpiece directly. 

An electric discharge machining apparatus according to claim 1, wherein said first machining power source is 
electrically connected to the workpiece indirectly through a fixture. 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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FIG. 9 
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FIG. 1 1 
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FIG. 1 3 
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